collective motivations, while another leads and maintains active knowledge coconstruction. In this way, some individuals' moves can be seen as bids for coregulation or joint regulation. These bids seek to influence the interactions between group members and group level progress. Such regulation may be termed shared when those individuals' leadership moves are accepted and appropriated by the group at the individual and group level, while those individuals maintain initiative as leaders within the group.
These interactions have also been conceptualized as uptake (e.g., Suthers, 2006) , which is when a student engaged in a collaborative task "takes aspects of prior events as having relevance for ongoing activity" (Suthers, Dwyer, Medina, & Vatrapu, 2010, p 5 ). An uptake analysis framework aims to support the conceptualization, representation, and analysis of distributed and technologymediated interaction with 'uptake' as the basic unit of collaborative interaction. Understanding participation of collaborators, and the roles or actions that they take to maintain participation of all group members, requires consideration of the actions that students take both in terms of the interaction and problem space. While a desire for equal participation is frequently noted in the literature, this must be balanced with the need for groups to manage their participation and to change strategy or direction when necessary to reach their goal by introducing new ideas, which the leadership perspective offers.
In this paper, we expand on the few prior studies of emergent leadership (Gressick & Derry, 2010; Li et al., 2007; Yamaguchi, 2001) , examining leadership through two studies of collaborative groups. However, while prior work has examined leadership as a single construct, but reports that it is often distributed within groups, we examine the distribution of moves that organize the group, and moves that drive the group forward intellectually, hypothesizing that these different types of leadership moves may not be made by the same group member. We consider the implications for groups, classrooms and the individual's learning depending on the leadership roles taken by specific students within a group and how the emergent distribution of leadership moves should be taken into account when assigning roles in groups.
Leadership is central to research on collaborative groups, taking a prominent place in management and organizational psychology literature in explaining the relative success or failure of groups (Avolio, Walumbwa, & Weber, 2009; Hackman, 1990) . Theories about leadership range from seeing it as a stable individual trait (e.g., Kirkpatrick & Locke, 1991) , a set of skills that can be acquired (e.g., Mumford, Zaccaro, Harding, Jacobs, & Fleishman, 2000) or a complex interaction between the individual, the context and the rest of the team (e.g., Seiler & Pfister, 2009 ). More recently, the idea of leadership has been expanded to consider the ideas of distributed and joint leadership (e.g., Avolio, Walumbwa & Weber, 2009; Li et al, 2007; Spillane, 2005) . This takes into account the range of behaviors that make up leadership, the reality that different aspects of leadership may be facilitated by different members of a team, and the importance of the interaction between leaders and followers in a team. Preprint version of: Emergent leadership in the management literature is defined as successful or unsuccessful attempts to undertake leadership moves when working in groups and has been criticized because most empirical studies focus on small groups rather than leadership across an organization (Bass & Bass, 2009 ). The concept of distributed leadership across a group was conceptualized over sixty years ago (Gibb, 1954; Bowers & Seashore, 1966) with a number of reviews identifying various components, particularly from a management perspective (e.g., Bennett, Harvey, Wise, & Woods, 2003; Pearce & Conger, 2003) and a clear recognition that there can be multiple leaders within a group taking different roles and responsibilities. There has been less focus on the relationship between distributed and emergent leadership within groups which Gronn (2002) has described as "conjoint agency," in which a few individuals emerge as leaders within a group and are able to synchronize their actions through reciprocal influence.
Prior research on emergent leadership in children's groups indicates the presence of emergent leadership, and its association with task completion and adult and peer nominations of leadership. Edwards (1994) reports on a 9-month long study of 4 th -6 th grade girls in Girl Scout Troops, finding that leadership was associated with organizational and goal-oriented behaviors, and that emergent leadership, but not elected or assigned leadership, was consistent during the study. French and Stright (1991) report on leadership in groups of second, fourth and sixth graders involved in a ranking task, focusing on how task facilitation behavior supports goal completion. Across two studies they found that leadership nominations were associated with task facilitation behaviors, solicitation of feedback and recording the group's activities. They also report strong associations between peer and teacher nominations of leadership and emergent leadership behavior.
The influence of task features on emergent leadership was explored by Yamaguchi (2001) . In this study of ten groups of fourth to sixth graders, a distinction was made between dominant forms of leadership, which can be associated with bullying, and pro-social leadership. Results found that when the task had a performance goal, a dominant leader emerged, and in most cases, the task was not completed, while when there was a mastery goal for the task, leadership moves were distributed among group members. A later study by Yamaguchi and Maehr (2004) exploring self-reported measures of emergent leadership, group cohesion and group regulation, reports an association between these three measures. However, these self-reported measures were not associated with task completion, suggesting that there is more to be understood about emergent leadership than what members of a group perceive.
In an effort to identify leadership moves within groups, Li et al. (2007) developed a coding scheme to apply to twelve groups of fourth graders involved in a study designed to promote Collaborative Reasoning in the classroom. They identified five moves -turn management, argument development, planning and organizing, topic control and acknowledgement -as moves that leaders would make, and coded transcripts for evidence of these moves, using data drawn from 10 Preprint version of: discussions in each group. Their results indicated that leadership was distributed within the groups, with only half of the groups showing a single clear leader, while another five showed evidence of shared leadership.
Building on the work of Li et al. (2007) , Gressick and Derry (2010) report on a study of emergent leadership in online groups of future mathematics and science teachers. Adapting the coding scheme to suit the online nature of their data and the tasks, they again found that leadership was distributed among all members of the groups. However, they note that in some instances, the different leadership behaviors were differentially adopted by different members of a group, effectively sub-dividing the leadership role into smaller pieces. Certain moves, such as knowledge contribution, appear to be well distributed among the group members, while moves that structure the group or content, such as topic control or organizational moves were behaviors that were more frequently associated with a single member of the group. As with the Li et al. (2007) study, these results suggest that leadership within a learning group may be complex, distributed or shared among group members. Additionally, the data presented by Gressick and Derry suggest different forms of leadership emerging in groups, with some aspects of leadership behavior seen in one group member, while other aspects of leadership are enacted by another member of the group.
In this paper, we extend the work of Li et al. (2007) and Gressick and Derry (2010) , adapting the same coding scheme to explore whether there is a pattern in the distribution of leadership moves among group members. In both studies, we begin by examining whether leadership moves are distributed among the group, and then examine whether particular students make more of each type of move.
In the Li et al. (2007) study, 12 groups of 4 th grade students were followed over 10 sessions as they worked on Collaborative Reasoning tasks, and here changes were found over time, with more students taking on leadership roles with practice. Gressick & Derry (2010) examined groups of adult teacher education students working on the design of an instructional unit in an on-line context over six weeks, again finding some change over time. In this study, we examine a larger number of groups who worked on tasks in two different content areas, history and math, on a single day, to understand whether the patterns remained stable across content areas. Research on collaborative groups rarely looks at multiple content areas or task types within the same study, assuming to some degree, that collaborative behaviors are not related to task type or content. However, we wanted to explore whether the patterns of emergent leadership changed with different content areas (or task types), to extend our understanding about why roles might emerge within groups, and how they might be related to the particular collaborative activity or task.
The Present Study
In this paper, we present two studies of emergent leadership in children's collaborative learning groups. We define leadership moves as attempts to move Preprint version of: the group forward, either by addressing issues of organization of the group, such as turn management, or addressing the intellectual aspects of the activity, such as idea management and development. However, as we view the group as the cognitive unit, leadership is not seen as the making of leadership moves, but as an interaction between members of a group, such that even though an individual is required to make a leadership bid for any leadership to emerge, the other members of the group must also react in acknowledgement of that move; leadership moves that are ignored by the group can be classified as failed bids for leadership. Thus leadership is defined as emerging when leadership bids are successful, and the participant who makes bids that are not taken up by the group cannot be defined as a leader.
Data for this paper is drawn from a large, four year study that focuses on using multi-touch technology to support collaborative learning in the classroom, and developing our understanding of how to support the processes of collaborative learning in formal learning environments. Multi-touch tables (see Figure 1 ) allow multiple users to interact directly with a screen, creating the possibility of more equitable access in computer-supported collaborative learning activities. This technology has the potential to change the way co-located computer-supported collaborative learning activities can be designed, by removing the need for students to negotiate control of a single control device (e.g., a mouse or keyboard) (Dillenbourg & Evans, 2011; Higgins, Mercier, Burd & Hatch, 2011) . While research in this field is still relatively new, findings indicate that multi-touch tables can be supportive of the collaborative learning process when compared to more traditional materials. In research that compared groups of students working on the same task in a multi-touch and single-touch condition, Harris and colleagues (2009) reported higher levels of task-focused conversation, and lower levels of process focused conversation in the multi-touch condition than in the single-touch condition, indicating that the use of multi-touch reduced the need to monitor participation and turn-taking, freeing groups up to focus on the content.
In a study that compared undergraduate students working on a programming task in a multi-touch and a traditional personal computer (pc) condition, Basheri, Burd and Baghaei, (2012) reported that dyads spent more time in shared engagement in the task in the multi-touch condition and more time with one student working on the task while the other sat back from the task in the pc condition. Again, this work points towards the potential of the multi-touch table to support joint engagement on a task, and reduce the amount of time group members spend taking turns.
In a study drawing on the same data as is reported in study one in this paper, we found that groups working on a multi-touch table when completing a divergent historical reasoning task engaged in higher levels of interactive talk (elaborating and negotiating) than groups in the paper-based condition, whose statements were more limited to independent and quasi-interactive statements . When comparing the groups working on math Preprint version of: tasks across the two conditions, we found that although students raised similar numbers of ideas across conditions, students were more likely to respond to those ideas by elaborating or combining them with other ideas in the multi-touch condition than in the paper condition (Mercier, Vourloumi, & Higgins, 2013) . These findings point towards the potential of multi-touch tables to support more complex conversations between students working on a collaborative task.
Studies that examine the use of multi-touch tables in classroom environments indicate that the tables can be used for successful small group and whole class work. report increased mathematical flexibility when students completed a collaborative expression-generating task in a multi-touch classroom, when compared to students completing an individual activity on paper. Additional research in this area indicates that the use of multiple networked tables can be used to provide data for teachers to understand more of what is happening in collaborative groups, and alter their interventions appropriately (Martinez-Maldonado, et al. 2013; Mercier, et al, 2012) . However, research on non-networked tables in classrooms reported the types of classroom and content management issues that are found in many non-technology supported collaborative activities (Kharrufa, et al. 2013) , indicating that more than just the tables are necessary for this technology to be used to effectively support collaborative learning in classrooms.
Figure 1: Children working at a multi-touch table
Study one is drawn from the initial study in this project, which sought to identify differences between groups using a multi-touch table and paper-based versions of the same tasks. As described elsewhere Mercier, Vourloumi & Higgins, 2013) , each group worked with a teacher, who supported them in solving the math tasks, and coming to agreement on a solution for the history task. In this study we look at the emergent leadership in the groups and compare leadership across conditions. Due to the similarity in outcomes in all groups, the relationship between leadership and outcomes are not explored. In both conditions, video and audio was captured using two cameras (mounted on tri-pods in the paper-based condition, and ceilingmounted in the multi-touch condition).
Study two is drawn from the next stage of the research project, where a classroom of multi-touch tables was built explicitly to examine collaborative learning in a classroom setting (See Figure 2) . The classroom is set up to be similar to a standard classroom, where up to sixteen students work around four multi-touch tables. The classroom has a teacher desk, a podium multi-touch table from where the teacher can send content to the student tables, and project from the student tables to the interactive whiteboard to facilitate whole-class discussion. The classroom is equipped with recording equipment, which discreetly captures the interactions of the groups (through ceiling-mounted cameras and directional microphones embedded in the tables), the whole class processes (through ceilingmounted fishbowl cameras) and table-use (through screen capture software).
In both study one and study two, two members of the research team, who had been primary (elementary) teachers, facilitated the lessons. In study one, one teacher worked with each group, although they aimed to allow the groups to work independently, intervening when the groups appeared to be stuck or asked directly for help or confirmation of their process. In the second study, each of the two teachers taught three of the classes, while the students' own teachers were watching a live stream of the classroom in another room. In both studies, group members all belonged to the same school and class. The students had been in the same class with their peers for the last few years in each of the schools. Thus, while students were pulled out of their normal classroom environment for the study, and were taught by new teachers, they were very familiar with their collaborators in the tasks. Informal feedback from their regular teachers in study two indicated that the activities and behavior of the students could be considered typical of their interactions in school.
Study one was designed to explore the nature of emergent leadership in the groups, to identify the distributed nature of the leadership and identify any systematic differences across the emergent leadership behaviors. These findings were then explored in a larger sample, and more typical classroom environment in the second study.
The research questions addressed in the two studies presented in this paper are:
1. What characterizes emergent leadership in collaborative learning groups, and are emergent leadership moves distributed across group members? 2. What are the different patterns of leadership moves within groups? 3. Does the distribution and pattern of leadership moves vary across content areas? 4. Is emergent leadership associated with task success? Preprint version of: 
Study One

Method
Participants were 32, year six pupils (mean age 10.6 years; SD = 0.4 years) who attended two local primary schools in England. There were 16 male and 16 female students in the sample. Participants were brought to the lab in groups of eightfour males and four females -and worked in same-gender groups of four.
Participants were recruited from three classes in two schools (all groups came from the same classes). Both schools are ranked as average, or just below average, in England's standardized achievement system. Eight students were recruited from two year six classes in the first school, and 16 pupils were recruited from one classroom in the second school. For each of the three classes, two or three of the experimenters went to the classrooms, led the pupils through a series of mystery activities and introduced the multi-touch tables with a video. Consent forms for parents were distributed; teachers selected participants from the students who returned signed consent forms.
Once each group of eight arrived at the lab, the students were divided into gender-matched groups of four. Both groups were simultaneously led through three activities that introduced them to the multi-touch table, with each group working on a separate table. The groups were then divided, so that one group completed a multi-touch version of the history mystery task, while the other group completed a paper-based version of the same task in another room. The groups Preprint version of: were given a short break then switched rooms and conditions, completing a mathematics problem-solving task on either the multi-touch tables or paper.
The Task
The tasks used for this study were based on a 'mystery' framework activity. One goal of framework activities is that they provide a similar structure to tasks, so that students and teachers can become familiar with them, and then different content can be added, allowing for the exploration of collaborative learning over time, while holding the tasks relatively constant. The mysteries framework activities were based on a pedagogical strategy created for the development and assessment of complex thinking in schools (Leat & Higgins, 2002) . During mystery tasks, groups of students are given a question, and clues that they need to make sense of in order to come to an answer to the question. Mysteries are designed to be open-ended, with the clues pointing to multiple possible answers, but the framework can also be used for problems that have a single right answer that the students need to determine through interpretation of the clues.
The history mystery used in this study is based upon an accident in a coal mine in 19 th century north-east England -a location and period of history that was familiar to the children. The goal of the activity is for the students to come up with an answer to the question "What happened to Robert Dixon and whose fault was it?" By using the clues, the groups can engage in complex reasoning about what exactly happened, and who might be at fault. The task took a mean of 17.55 minutes to complete (SD = 4.5 minutes).
Three math word problems of a similar structure to the history mystery task were used in the math activity, all of which had a correct answer. The first task required the application of mathematical knowledge to eliminate all but the correct answer. In the second activity, the groups needed to order the clues, working through a series of mental calculations in the correct order to determine how much it would cost a fairground owner to provide prizes to every tenth person who went on a particular ride. The final math task was a logic problem, in recognition of the importance of logical reasoning and the solving of non-numerical word problems in mathematics, and as part of the mathematics curriculum in England (DfEE, 1999) and standards in the USA (NCTM, 2000) . The goal of this task was to match five fictional children with their food of choice after the school lunch trays had been mixed up. (See appendix for clues.) The format and content of the tasks was discussed with each of the teachers who confirmed that these were appropriate activities for their students and typical of the kinds of activities used in their schools. Together the three math tasks took a mean of 15.6 minutes to complete (SD = 1.8 minutes).
In the paper-based version of the task, clues were typed on small pieces of paper, which were placed in a pile in the center of the table at the beginning of the task. Generally, students shared the clues out amongst the group members, and took turns reading them aloud before moving on to solving the task. In the multi-touch version, the same clues were presented on digital slips of 'paper', which were Preprint version of: placed in a pile in the center of the screen. The digital paper could be moved like normal paper to change orientation or change the location on the screen; the size could also be changed, allowing the groups to enlarge the clues to support joint attention, and to decrease the size of the clues they did not deem to be important. See Figures 3 and 4 for an example of the set-up.
During study one, the teacher who worked with each group wrapped the task up when the groups had come to an answer, often helping them to solve the math tasks if they appeared to be stuck, and encouraging them to come to a conclusion in the history task if they were stalling. This help usually took the form of directing students to clues, or asking if all group members agreed with a comment. However, particularly in the math tasks, the teachers led the groups stepby-step through the tasks when they did not seem to be making any progress. 
Data
All activities were videotaped and transcribed for analysis. Verbatim transcripts, formatted as a play script, were created for each video. In the analysis that follows, transcripts and video were used simultaneously. 
Analysis of leadership moves
A coding scheme was adapted from Li et al. (2007) and is shown in Table 1 . The unit of analysis was defined as a turn, and each code was only applied once to each turn, although more than one code could be applied to a single turn. Leadership moves were identified by turns that could be categorized as one of the five types of leadership from the coding scheme. The initial identification of leadership moves was conducted without regard for either the correctness or relevance of the move to the task content, and without attention to the reaction of other students in the group. However, in line with the perspective that leadership occurs in a multi-directional interactive manner among the group members, and drawing on Li et al. (2007) , a second level of coding was applied. This coding identified successful and unsuccessful leadership moves by considering the moves immediately following the leadership code. Moves that accepted the leadership move resulted in the leadership move being coded as successful; moves that ignored the leadership moves resulted in the leadership move being coded as unsuccessful. All contributions, regardless of how correct they were in terms of reaching a solution for the task, could be classified as a leadership move or a move that accepted or rejected a leadership move. Examples of each leadership move are provided in Table 1 , and the case study in study two provide further examples of each type of move.
The teacher's involvement differed between groups, and their attempts to take leadership were coded as teacher bids and are not discussed in this paper.
Due to the different nature of the tasks, the code 'Argument Development' from Li et al. (2007) was changed to Idea Management and Development, to provide a broader classification for turns that dealt explicitly with the ideas in the mysteries. Additionally, Acknowledgement was identified as both instances where a student acknowledged the contribution of another participant, and the instances where a student was asked for acknowledgment by another student. In the second case, acceptance of the leadership move was identified as occurring before the leadership move (e.g., the request for acknowledgment was seen as acceptance of the leadership move, assuming that the acknowledgment request was acted upon). The three math tasks were examined as a single task, and contrasted with the history tasks; the history task took about 15 to 20 minutes, as did the three math tasks, giving us a comparable length of collaborative engagement to compare across content areas. One researcher coded all eight groups, while a second researcher coded two history and two math tasks, to assess reliability of the codes, with a reliability score of 86% (Cohen's Kappa = .76). Disagreements were discussed until consensus was reached. Most disagreements occurred when differentiating between the codes Topic Control and Idea Management and Development (intellectual leadership), and the codes between Turn Management and Planning and Organizing (organizational leadership). 
Code
Definition Examples Turn management Directing turn-taking; identifying who should make the next turn; announcing intent to take the next turn and monitoring or inviting participation.
1. "Why don't you read that one out? And then, Tony, read that one." [speaker is directing other students to take turns] 2. "OK, Joe, you read that one. Read that one, and you [pointing]" "I'll read this one?" "Right; Joe, why don't you read yours first."
Planning & Organizing
Statements that structured the activity or moves of the team or statements that attempted to keep the group on-task.
1. "Right, everyone line it up like we did before." [speaker is directing other students to organize the clues in a line] 2. "Right then, these two don't mean anything to us, so this is the rubbish corner." [student identifies two clues that they do not think are important that are together in the same part of the screen; he identifies this as the corner to put unwanted clues, a practice that is then followed by his team-mates.] Acknowledgement
Turns that recognized the value of another team-member's comments, or turns that reacted to a request for acknowledgement. students are jointly working on a solution). The correctness of the idea or proposed solution is not to be considered. thought he fell asleep…not enough air, not enough oxygen causes people to fall unconscious, so this should be in the not sure section 'cause this does explain whose fault it might have been." [From history task: The student takes a clue, and describes how it relates to the question] 2. "And you know about the candles, what happens if he wasn't rich enough so he couldn't afford it, 'oh where am I going, I don't know where I'm going' whack!" [From history task: Student refers to a clue that says the mine workers had to provide their own candles; he elaborates on what would happen if the workers did not have a candle, developing the argument that the boy in the mystery might have been unconscious at the time of the accident].
Topic control
Moves that altered the direction of the conversation (about the task). This includes moves that take the group in a particular direction after a whole class discussion.
1. "How much will it cost the Waltzer owner for enough…enough cuddly monkeys for a day? How many cuddly monkeys do we need?" [From Waltzer: Student reads the question, and then interprets it to provide the next step for the group] 2."So now we need to decide if he was up and healthy or whether he was, like, unconscious" [From history task: student summarizes the groups current position and the decision they need to make to come to a conclusion.] 
Task success
In both the history and math tasks, the teachers aimed to support the group as they worked towards a solution. In this way, all the groups successfully solved the math tasks (with different degrees of teacher support) and all groups came to an explanation on the history task. The quality of discussion on the history task was coded using the SOLO taxonomy (Biggs & Collis, 1982) . As reported elsewhere, there were few differences in the levels of reasoning reached across conditions . As such, the outcomes on either the math or the history tasks will not be considered in relation to emergent leadership in study one.
Results
A total of 1276 student utterances across all 8 groups (M = 159.5, SD = 59.66) were identified in the history task. One hundred and forty-eight utterances were identified as leadership moves (11.5%) with a mean of 18.5 leadership moves per group (SD = 8.4). A total of 1480 student utterances across all eight groups (M = 185, SD = 53.4) were identified in the math tasks. Two hundred and five utterances were identified as leadership moves (13.8%), with a mean of 25.6 leadership moves per group (SD = 12.67).
Distribution of Leadership Moves
The distribution of leadership moves within each group is shown in Table 2 , which shows the percentage of accepted leadership moves made by each group member in each task (calculated by dividing total accepted leadership moves made by that person, by total of all accepted leadership moves within the group). Over 90% (338 of 372) of leadership moves were accepted.
The number and percentage of leadership moves differed between groups and participants. While some groups showed a balance of leadership moves across participants (e.g., group 1), in others one or two leaders emerged (e.g., group 3 or 4). Thus leadership moves appear to be distributed among group members, when data from all tasks is considered. However, this appears to be more complex when the data is broken down by discipline, with participants showing different amounts of leadership in the different disciplines (e.g., Child 2, Group 2, makes no leadership moves during the history task, but nine effective moves during the mathematics task). 
Intellectual and Organizational Leadership in Groups
The total number of accepted moves were calculated for each individual, and categorized into two types of leadership -intellectual and organizational. Intellectual leadership was determined by adding any turns that had been coded as Topic Control and Idea Management and Development, moves that moved the group on the cognitive or problem space aspects of the collaboration. Organizational leadership was calculated by adding turns coded as Planning and Organizing, Turn Management and Acknowledgment. These moves were identified as moves that support the group's interaction process, helping monitor and influence turn taking and participation.
As the goal of the study was to look at emergent leadership, rather than only focus on leadership moves, each type of leader was identified as the student who made the most accepted leadership moves in each category within each task. Groups where no one made more than 3 leadership moves in each category were identified as not having clear leadership. Similar to the work by Li et al (2007) , who identified leaders as the outliers in terms of number of leadership moves made, we chose the mean number of leadership moves per student per category (2.64; SD = 3.09) as the cut-off point for identifying leadership in study one. The cut-off also aligns with the qualitative differences between groups who have students who appear to be leaders, and groups where leaders cannot be identified.
Differences in leadership configurations are shown in Figure 5 . From this, it can be seen that in the history task, one group had a single leader, one group had distinct intellectual and organizational leaders, three groups only had an intellectual leader and three groups did not have a clear leader. In the math task, one person took on both leadership roles in two groups, three groups had distinct intellectual and organizational leaders, two groups only had an intellectual leader, and one group did not have any identifiable leader.
Across the tasks, there was some variability between groups, with one group showing no clear leadership in either content area, two groups who showed clear leadership in math but not in history, three groups with different intellectual and organizational leaders across content areas, a group with shared leadership and a group with one leader across content areas. Figure 6 shows the distribution of each type of moves in each task for each participant.
Differences between intellectual and organizational leaders emerged in many of the groups, and across content areas. For example, in Group 1, Child 1 made the most organizational leadership moves during the history task (5 moves), Preprint version of: Mercier, E., while Child 4 made most of the intellectual leadership moves (11). However, during the math tasks, Child 1 made more of the intellectual leadership moves (9), while organization was more shared, with Child 3 taking slightly more leadership than his team-mates (5).
Figure 5: Number of groups with different leadership configurations Note: One leader indicates that one student took both roles; 2 leaders indicates that 2 different students each took one of the leadership roles (different intellectual and organizational leaders). This is contrasted with a number of groups where there was clear leadership in the math tasks, but not during the history task. For example, in Group 3, there were virtually no leadership moves during the history task, while Child 4 assumed the role of intellectual leader in the math task (10 moves). This was more striking in Group 6, which again had few leadership moves in the history task, while one group member, Child 2, took clear organizational (10) and intellectual leadership (11) during the math task.
In other groups, both forms of leadership were expressed by one or more group members. In Group 4, Child 2 took clear organizational leadership in both content areas, although she also made a number of intellectual leadership moves, particularly in the math task. The intellectual leadership was shared, however, with two other group members -with Child 1 in the history task, and with Child 1 and Child 4 in the math task. A similar pattern is seen in Group 8, where Child 1 took intellectual leadership in both history and math tasks, but also took a much clearer organizational role in the math tasks than he or any of his group members did in the history task. 
Differences across condition
To examine whether there were differences in the number and types of leadership moves made across the conditions, the data were examined by task (math or history) and condition (multi-touch or paper). Results indicate that the number of moves was almost identical across conditions, indicating that the technology did not have an obvious influence on the leadership behaviors of group members. Descriptive statistics are presented in Table 3 . 
Summary of Study One
In study one, we explored emergent leadership in eight groups of students, each working with a teacher present. Initial results indicated that leadership was distributed across the members of each group, although the patterns of emergent leadership differed across disciplinary areas. Two types of leadership -intellectual and organizational leadership -were identified as accounting for different leadership behaviors in the teams. The results showed that in some groups there was a pattern of distributed leadership, and that the distributions of the leaders appeared to fall along the lines of intellectual and organizational leader. Three of the eight groups in the math activity had a distinct intellectual and organizational leader, while in two groups, both roles were held by the same student. While this was less evident in the history task, there were also fewer leadership moves made during the history activity. Additionally, although the organizational behaviors of a leader are more often seen as important, the results from our analysis indicate that there were groups that only had an intellectual leader, while there was no group that had an organizational but not intellectual leader. These findings suggest that emergent leadership may be considered to be two separate constructs, although, at times, both roles may be held by one person. In the second study, we examined this further, in a classroom laboratory, to explore the patterns of distribution of emergent leadership in children's collaborative learning groups. 
Study Two
Method
Participants were 96 year six pupils (mean age 10.58 years; SD = 0.39 years) who attended six local primary schools. There were 48 male and 48 female students in the sample. Participants were brought to the lab in groups of sixteen -eight males and eight females. Groups from four of the schools worked in same-gender groups, while groups from two schools worked in mixed gender groups (two male and two female students). Thus there were eight all-male groups, eight all-female groups and eight mixed-gender groups in the sample. However, due to technical issues, some of the data from one male and one female group were not recorded, and so they are excluded from this analysis, leaving us with 22 groups in this study (seven all male, seven all female and eight mixed gender groups).
Six schools were invited to participate in the study. All the schools who participated are ranked as average, or just below average, on standardized tests of academic achievement in England. For each of the schools, two or three of the experimenters went to their classrooms and led the pupils through similar orientation activities to those used before the first experiment. Parental consent forms were distributed, and teachers selected the students who could attend from those who returned consent forms. Teachers were asked to randomly select 8 male and 8 female children to attend. Return rates of consent forms were high in most schools, and informally a number of teachers mentioned that they had been more inclined to select the better behaved or higher-achieving children to participate, either in an effort to reward certain students, or to ensure their school was well represented. All participants were selected from the same class group in all six schools.
The Task
The same history and mathematics tasks were also used in study two, however all tasks were completed in the multi-touch classroom (see Figure 2 ). After completing initial exercises to familiarize the students with the multi-touch tables, they completed the history task; students then had a short break before returning to the classroom to complete the three math activities. The history task took about half an hour to complete (M = 28.3 minutes; SD = 3.9 minutes), while the three math tasks took less than half an hour (M = 23.5 minutes; SD = 2.7 minutes).
While the tasks were the same as in study one, the classroom lab meant that, rather than having a teacher with each group, a single teacher ran the class, introducing the activity, sending the mystery to the students from the orchestration desk, and moving between groups to monitor progress. The teacher could freeze all the tables at any stage, and project the contents of any table onto an interactive whiteboard. The protocol that the teachers followed was to introduce the topic, send the mystery to the student tables, lock the tables after a short time to make sure everyone knew what they were doing, allow the groups to Preprint version of: Mercier, E., resume, and then pause once or twice more for mini-plenary sessions and a final discussion of the task. During the discussion and mini-plenary sessions, the teacher projected the content from one of the tables, and prompted the groups to explain their solution. Both teachers (members of the research team) who participated in Study One, participated in Study Two, with each teacher teaching three classes in the classroom.
Data
The classroom is designed for data collection of group interaction, allowing for video recording of each group from two angles, and audio recording from a microphone embedded in each table. The teacher was recorded with a radio microphone and a fishbowl camera was used to record the entire classroom. The teacher audio stream was transcribed, and the audio from each group was transcribed; the teacher transcript was then integrated into the groups' transcripts. Using a tool developed by the team transcripts were created along a time-line, producing time-stamped information for each turn. The coding for this study was conducted using printed copies of the transcripts, laid out in play script format, while also viewing the videos of the groups and the table.
Coding
The coding scheme described in study one was used again for study two (see Table  1 ), with all transcripts coded for the five moves, and each move identified as either accepted or rejected. The transcript for each group was coded separately, while watching the videos of the group. Due to the different nature of collaboration within a classroom, additional rules were defined for coding this data. Coding only occurred when the tables were unlocked for use; therefore coding began at the moment the teacher sent the mystery to the tables, and unlocked it for use, and no coding occurred during whole-class discussions. Additionally, coding was not applied to groups while the teacher was directly speaking to that group (this was identified as teacher interaction). We note that students interact differently in the presence of the teacher, and the role of group spokesperson (both during the activity and whole-class discussion) appears to be different from the leadership described in this paper, however, exploring this role is beyond the scope of this paper.
Two authors coded the transcripts, with a reliability score of 87% on 10% of the transcripts (Cohen's Kappa = .86). Disagreements were discussed until consensus was reached.
Success on math tasks
While in study one each group was directly supported by a teacher, in the second study there was only one teacher present for each class of 16 students. As such, the outcomes on the math tasks differed between groups. Progress on solving the task were coded using a four-level coding scheme, to identify groups who made no progress, little progress, some progress, and successfully solved the problems. Two authors coded two groups in each task, with a reliability of 83% across the six transcripts (Cohen's Kappa = .67) . In order to simplify the data, tasks where no or little progress was made were grouped together, and were given a score of zero. Tasks that were identified as good progress or solved were classed as successful, and were given a score of one. The total number of successful tasks was calculated for each group, with potential range between 0 and 3.
Success on history task
The history mystery was not designed to have a single correct answer, but to engage the students in historical reasoning, using the evidence to build an argument. To understand the success of each group, the utterances were coded using the SOLO coding scheme (Biggs & Collis, 1982) to identify the levels of reasoning (See Higgins et al, 2012, for a description of the coding scheme). To assess success, the highest level of the SOLO coding scheme reached during small group conversation was identified for each group. Two of the authors coded three of the 24 transcripts, with agreement on 89% on the SOLO codes (Cohen's Kappa = .67; Weighted Cohen's Kappa = .74).
Results
Distribution of leadership moves within groups.
During the history task, the mean number of utterances each student made was 56.6 (SD = 22.32). The mean number of accepted leadership moves was 5.9 (SD = 5.6) and mean number of rejected leadership moves was 1.38 (SD = 1.52). During the math tasks, the mean number of utterances per student was 69.83 (SD = 29.56), with a mean of 6.91 (SD = 5.77) accepted leadership moves and 1.47 (SD = 1.6) rejected leadership moves.
The total number of accepted and rejected moves were calculated for each individual. A total of 1377 leadership moves were identified from 11126 utterances across the 24 groups (12% of utterances were coded as leadership moves); 1127 or 82% of leadership moves were accepted. Table 4 shows the percentage of accepted leadership moves made by each group member and the number of accepted and total leadership moves made in each content area (groups are identified by the color of their table). The total number of leadership moves per group ranged from 12 to 91 (Mean = 57.38; SD = 18). Groups also differed in the distribution of leadership moves. These groups were categorized by groups that showed one strong leader and no other leaders, groups that have one main and one secondary leader and groups who showed shared leadership. The number of groups that correspond to each of these categories are show in Table 5 . Intellectual and organizational leadership in groups.
In study one, two types of emergent leadership were identified to describe the way in which leadership was distributed among group members. The two codes that made up intellectual leadership (Topic Control and Idea Management and Development) and the three that were categorized as organizational leadership (Planning and Organizing, Turn Management and Acknowledgment) were collapsed in the study two data, to examine whether the same pattern emerged. This analysis was conducted by content area (i.e., groups were examined within history and math separately; shown in Table 6 ). As in study one, a minimum of three accepted leadership moves was required to be counted as a leader for both organizational and intellectual leadership, which falls around the mean for accepted leaderships moves for both types of accepted leadership. If no person in a group made three or more organizational leadership moves, the group was considered as not having an organizational leader; the same criteria were used for intellectual leaders. Once leadership was determined, the group member who made the most accepted leadership moves was identified as the leader of that group. Thus groups were identified as having no leader, only an intellectual leader, only an organizational leader, both an intellectual and an organizational leader, and a leader who took both organizational and intellectual leadership. The number of groups who were categorized as each type is displayed in Figure 7 . Leadership across task type.
To examine whether there were differences in the amount and type of leadership across the math and history tasks, a multivariate ANOVA was conducted with content area as the independent variable and total leadership moves, accepted organizational leadership, and accepted intellectual leadership as dependent variables. This analysis was conducted on the group-level data (although results are similar when the individual level data is examined). The results showed that there was a significant main effect of content area on total number of accepted intellectual moves, F(1, 39) = 7.9, p =.008, η 2 = .17, with more accepted intellectual leadership moves in the math tasks (M = 15.9, SD = 1.28) than in the history task (M = 10.85, SD = 1.25). The effect of content area on total moves was not significant, F(1 , 39) = .45, p = .5, η 2 = .01, and nor was the effect of content area on total accepted organizational moves, F(1, 39) = 2.92, p = .09, η 2 = .07.
To determine whether the person taking on the role of leader remained stable across the two tasks, each type of leader was identified for each group and each task, and compared. The results indicated that leadership remained unchanged across history and math in four groups; in six groups both the intellectual and organizational leader changed between history and math. Six groups had a change in the organizational leader but not intellectual, and six groups had a change in the intellectual leader, but not the organizational leader. 28 Note: One leader indicates that one student took both roles, while 2 leaders indicates that 2 different students each took one of the leadership roles (different intellectual and organizational leaders)
Leadership and group outcomes
The success of groups on the math tasks was calculated by grouping tasks where little or no progress was made together, and tasks where good progress or a solution was found together. Each group then received a score between zero and three to show how many tasks they had come close to solving them. Two groups scored zero across all three tasks, four groups scored one, eight groups made good progress on two of the tasks, while eight groups made good progress on all three tasks. As success is a group level measure, the association with leadership moves was evaluated in terms of number of moves per group, rather than looking at leadership at the individual level. Descriptive statistics are shown in figure 8 , which indicate that the number of intellectual leadership moves increase with task success, but that organizational leadership is highest in the least successful groups.
In order to conduct analysis about the differences between groups, the number of leadership moves per group were categorized into high, medium and low moves per group for each of total accepted moves, total intellectual moves and total organizational moves. Table 7 provides information about the number of moves in each category. Chi square analyses were conducted to examine the relationship between number of moves per group and number of tasks that the group solved. Results indicate that there was no significant relationship for total accepted leadership moves, χ 2 (N= 22) = 7.12, p =.31, or for total accepted organizational moves, χ 2 (N= 22) = 8.84, p =.18. The relationship between total accepted intellectual moves and task success was significant at the 10% level, χ 2 (N= 22) = 12.47, p =.052. 29 To further evaluate if success was influenced by type of leadership move, median splits were conducted for each of the fives moves. Results indicated that the relationship between Turn Management and success was significant (5% level), χ 2 (N= 22) = 9.9, p =.019. However, as can be seen in Table 8 , seven groups who were high on turn management answered two of the three problems correctly, while seven who were low on this category solved all three of the tasks. This is likely to be influencing the analysis, and it should be interpreted with caution.
Results also indicated a significant relationship between Idea Management and Development and success, χ 2 (N= 22) = 10.9, p =.012. The analysis did not indicate any other significant relationship between leadership moves and task success. Table 8 shows the number of groups in each category for each leadership move and their success on the tasks. For the history task, the utterances of each group were coded using the SOLO taxonomy to evaluate the level of reasoning reached during the task. The highest level of reasoning was used as a proxy for group success, with groups getting a score of between 1 (pre-structural) and 5 (extended abstract). Three groups received a score of 2 (uni-structural), indicating they got no further than reading the clues and making basic comments about the value of each clue. Eight groups had a maximum reasoning level of 3 (multi-structural), indicating that group members were making connections between two of the clues, but not building a clear argument. Six groups reached level four (relational), using two or more clues to build an argument, while five groups reached level five (extended abstract), bringing together multiple clues to support their argument. Descriptive statistics in Figure 9 indicate that the highest levels of leadership were associated with groups 
Number of Tasks with Good Progress or Success
Organizational Intellectual Preprint version of: who reached the highest level of reasoning. However, the groups who showed the second highest level did not progress passed the uni-structural level which was defined as merely making comments on the value of each clue in isolation. Groups who reached the third and fourth levels of reasoning show less leadership
In order to conduct analysis about the differences between groups, the numbers of leadership moves per group were categorized into high, medium and low moves per group for each of total accepted moves, total intellectual moves and total organizational moves. Table 7 provides information about the number of moves in each category. Chi square analyses were conducted to examine the relationship between number of moves per group and the highest level of reasoning reached within the group. Results indicate that there was no significant relationship for total accepted leadership moves, χ 2 (N= 22) = 6.15, p =.41, or for total accepted organizational moves, χ 2 (N= 22) = 4.57, p =.6, or intellectual moves, χ 2 (N= 22) = 6.87, p =.33.
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Case study
The group of four boys from Yadstone school who worked at the green table provide an example of a group where leadership moves are distributed, showing evidence for different types of leadership roles and changes across task types. Across both tasks, eight of Jack's moves were accepted, twenty-six of Tom's, five of Daniel's and eleven of Callum's. Thus it appears that while Tom was the primary leader, the rest of the group made a range of leadership moves that were also accepted. As shown in Table 9 , however, when the leadership moves are broken down by content area and when intellectual and organizational moves are examined separately, the picture is more complex, with Tom's leadership being most evident in the math task, and associated with intellectual moves, while Callum and Tom both take organizational leadership roles. Tom and Jack appear to share leadership in the history task, although here Tom takes more of an organizational lead, where Jack makes the most intellectual moves. Distributed leadership moves in history.
During the history task, the students are trying to work out what happened to Robert Dixon, and whose fault it was. They have been told that his leg was amputated after a mining accident, which happened when he fell asleep down in the pit. In the extract below, the students are looking at the clues that describe the influence of the price of coal on the miners' wages, and how when they had lower wages, they had to work even longer hours than usual (which would mean Robert was tired and could have fallen asleep, although the students need to decide whether it was his fault for falling asleep, or due to the falling price of coal and unstable wages). This extract begins after a number of failed bids by Tom to get the group's attention as they were focused on the construction activity that was going on outside the classroom window. By reading the clue, Tom gets the group to re-engage in the task, and they begin to consider how having to work longer might have affected Robert Dixon. During this extract, we see the group work together, with Tom, and then Jack taking intellectual leadership moves to explore the clues and help create an argument. Daniel takes an organizational role, making sure the clues are arranged in a particular manner on the table, so they can return to the ideas they thought were important at a later time (see Figure 10 ).
Tom
"Robert usually worked from six am to six pm but recently had to work longer because his wages had gone Idea Management 
Distributed leadership moves in mathematics
The second extract is taken from the beginning of the logic problem 'Dinner Disaster', a task where the students have to work through five clues, each of which states which food a fictional child has, and a reason why they do not want that food. The clues can be linked together in such a way as to determine what each child should eat, and finally to answer the question of what Mike will have for his dinner. The group starts off with Callum organizing the clues so that everyone can see them, while Daniel manages who will read each clue. After reading through most of the clues, Tom makes a number of attempts to draw the group into the goal of the task, namely, deciding what Mike should have to eat. Although his first attempt at controlling the discussion is rejected by Jack, who has still to read his clue aloud, Daniel accepts his next bid for leadership, and starts to work with him to consider the possibilities. In the above vignette, Tom managed to maintain engagement on the topic, although his summary of what the group knows appears to be taken by them as the final answer. He returns to read a clue about yogurt aloud, which the group begins to attend to, but is interrupted by the teacher freezing the tables and discussion of the task with the whole class. During this whole-class discussion, the teacher helps the groups realize that they need to match each child to a food (e.g., Tanya gets the yogurt that Mike has, Grace gets the salad that Tanya has etc). The groups return to working on the task, and Yadstone Green use the new strategy to try to find out what Mike should have. They manage to work through the clues, although they have not quite come to the final answer when the teacher calls the task to an end, and engages the whole class in a discussion about the answer. 
36
The extracts from this group shows the fluidity of leadership between the tasks and the students. In the history task, Jack and Tom share leadership, although all students make organizational leadership bids that are accepted. Jack takes the lead in terms of the intellectual development of the task, while Tom is more concerned with organizing the activities. In contrast, in the math task, Tom emerges as a clear intellectual leader, while both he and Callum take on organizational roles.
Discussion
These two studies set out to examine emergent leadership in children's learning groups. Based on prior research, it was hypothesized that leadership would be distributed within the groups, as has been identified by Li et al. (2007) and Gressick and Derry (2010) . Building on this, we examined if there were patterns within this distribution. In study one, findings indicated that the leadership moves were distributed among group members. The five leadership categories aligned with the concepts of intellectual and organizational leadership. However, leadership moves in general, and the two types of leadership specifically, did not appear to be consistent across task types. In study two, again, a distribution of leadership moves was identified, and the moves were classified into the two categories from study one: intellectual and organizational leadership. In the history task, seven groups have one student holding both these roles, while eight groups had two different leaders in these roles. A similar pattern as found in the math task, with nine groups showing one single leader and seven showing two students taking these different roles.
Taken together, studies one and two provide further support for the findings reported by Li and colleagues (2007) and Gressick and Derry (2010) that emergent leadership is distributed within groups, with more than one student making leadership moves that are accepted by the group members during the collaborative activities. Our analysis also builds on this earlier work to provide evidence for two leadership constructs -intellectual and organizational leadership. In both studies, Preprint version of: we found as many cases of two people taking different leadership roles as cases of one person taking both roles. This indicates that while it is possible for the roles to be held by one person, they emerge as different roles, and should be considered as such. By looking across the two studies, it is possible to see that these different forms of leadership emerge in both an experimental situation, where just one group is working in the room with a teacher, and in a larger groups setting, more similar to a classroom environment, where the groups have to regulate their own actions without as much attention from the teacher.
By looking at the same groups across different content areas, our results provide further evidence for the distributed nature of emergent leadership, and also indicate that leadership does not emerge in the same way when groups are working on different tasks. Our findings also indicate that intellectual leadership moves, in particular Idea Management and Development, are most associated with task success, while organizational leadership seems to have a more complex relationship with task outcomes.
Leadership across content areas
Both studies found differences between the content areas -with more of both types of leadership in the math tasks in study one, and significantly more intellectual leadership moves in the math task than the history task in study two. These differences in leadership across content areas may be explained in a number of ways. One possibility is that the nature of the tasks influenced the emergent leadership. The history task was designed to foster divergent thinking, with no single correct answer, while the math tasks all had correct solutions. We may see more leadership in tasks with a clear answer, where members of the group feel more confident in directing the group, than they do when the group is meant to be discussing possible explanations for the problem. Additionally, the history task was a single activity, while the math task consisted of three different tasks, which may affect the need for leadership, and should be examined, in detail in further studies.
Another possible reason for the differences is the children's experiences with the content areas. Solving math problems is a common experience for the children in both studies, and they are aware of who is 'good at math' in their class. Historical thinking tasks are not as familiar to the students, nor is expertise in this domain as well recognized in the primary classroom. This may result in the children who are recognized as being good at math to take or be given the role of intellectual leader during the math task, while there was no such prior knowledge to base roles on during the history task, leading to less or more fluid leadership in the history task. Alternatively, the differences in the task types may be the cause of these differences, with students emerging as leaders differentially when the tasks are open-ended rather than closed tasks. Further research that separates task type from content area is necessary to understand this more completely. This finding reflects the findings by Yamaguchi (2001) , who found differences in emergent leadership based on the task goals. These suggest that leadership will not emerge Preprint version of: in every learning situation, but that it is dependent on the task that the group is engaged in. Further research is necessary to explore what types of tasks promote leadership, and where that leadership is necessary for task completion and learning.
In both studies, there was a change in leadership across the content areas, and in the second study, it was clear that the intellectual or organizational (or both) leaders changed. While management literature has argued for the stable nature of leadership (Kirkpatrick & Locke, 1991) , the changes that we see in our sample suggest that, at least for 10 year old children, emergent leadership in collaborative learning groups is not stable, even within the same group. Instead, leadership appears to be influenced by the content, echoing Yamaguchi's (2001) study that found task demands influenced the emergence of leadership. This suggests that the design of collaborative learning activities should take into account how the task may influence emergent leadership, and the impact that would have on the learning that will occur.
Leadership and task outcomes
Looking at outcome data in study two provides a complex picture of the relationship between leadership moves and group success. In the math tasks, there is a relationship between number of intellectual leadership moves and the groups' progress on the tasks, with increasing amounts of intellectual leadership being associated with increasing task success. When examined in detail, Idea Management and Development moves were most associated with positive outcomes, with all 12 groups who solved two or three of the tasks falling into the high category for this move. This suggests that this leadership move may be a key feature to solving constraint mathematical problems.
While organizational leadership, and overall leadership were not significantly associated with task success, the relationship between turn management and success appears to be important. However the descriptive statistics in Table 8 suggest this should be interpreted with caution due to similarities in outcomes across the high and low categories. Figure 8 and Table 8 both show high levels of organizational leadership in groups who were not successful, as well as in groups who were successful. This may indicate that organizational leadership is not sufficient for task completion, and that groups who are focused on the process, either because they have struggling to manage their interactions or because they were struggling with the content, were not making the type of progress necessary for solving the problems.
The history task was designed to be open-ended, focusing on the use of historical thinking skills and complex reasoning, rather than being a task with a single correct answer. The highest level of reasoning reached within the group is one way of assessing the outcomes of the groups, which again shows a complex pattern when plotted against the leadership moves. While results were not statistically significant, the descriptive patterns show most leadership moves were Preprint version of: made in groups who reached the highest level of reasoning. The second highest level of moves, however, were in groups who did not get beyond the second level, only making comments about the relevance of the clues, but not combining them in any way. This may reflect the same type of issues seen in the math data, with groups struggling to work out how to participate in the task, and so needing more leadership moves, although they do not result in better outcomes. When the leadership moves are examined individually, the pattern remains. One concern that arises from this analysis, however, is that using the highest level of SOLO reasoning is not a sufficiently nuanced measure of success for this task. As SOLO was designed to assess open-ended written questions, it may not be the most precise measure of a group's progress. Further analysis, which is beyond the scope of this paper, could also use a temporal analysis approach, to provide a deeper understanding about the relationship between the leadership moves and the types of reasoning group members were engaged in.
The case study
By examining the emergent leadership in the green group from Yadstone in study two, the complex nature of the groups' behavior can be seen as it changes across task type. While Tom and Callum appeared to make the most leadership moves, Callum made very few in the history task, and in both tasks, the majority of his moves were organizational. Tom made most of the intellectual leadership moves during the math task, but very few in the history task. Jack, not clearly a leader when the data is examined without being broken out by task or leadership type, made most of the intellectual leadership moves in the history task, helping the group to make sense of the clues in mystery, but participated as a follower for most of the math task. Thus, this group illustrates the importance of breaking down leadership both by task type, and by type of leadership, to fully understand the type of collaborative engagement seen in this group.
Multi-touch technology
Both studies used a new technology, multi-touch tables, to support the collaborative problem solving process. As prior research indicates that this type of technology can support collaboration, we examined differences between groups working on a paper-based version of the mystery tasks and a multi-touch version of the tasks in study one. As reported elsewhere it was not possible to determine differences in success between conditions, as a teacher was present to support groups through the task. When comparing the number of leadership moves across conditions, however, we did not find any differences, suggesting that the technology did not influence the leadership part of the interactions in the same way it appears to have influenced how the students interacted around ideas. These results suggest that the findings about emergent leadership from study two, where all students working on multi-touch tables, could Preprint version of: be generalized to other face-to-face collaborative interactions, regardless of whether technology is being used by the groups.
Limitations and future research
There are a number of limitations to the studies reported here, including the limited task types, the lab environment, the way the teachers engaged with the groups and the non-independence of the data, as is inherent in analysis of group interaction. The mystery tasks were designed to have a similar structure, and full engagement in the task by all group members was facilitated by members taking on the roles of organizational and intellectual leader. If students were engaging in a task that was less collaborative or less cognitively demanding, there may have been less need for the amount of leadership that was seen in these studies, and therefore less evidence for the distribution of leadership moves. Additionally, the first study used a very artificial environment, where each group worked with one teacher and where the data collection tools were evident to the groups. In the second study, the lab classroom was designed to be as similar to a typical classroom as possible, data collection equipment was discrete and students were drawn from the same classroom, there are still differences between this and a typical classroom. The lab environment also meant that not all students who returned consent forms were selected to participate. While teachers were asked to select randomly, some suggested that they selected the better-behaved students, so we may have had fewer disruptions than would occur in a typical classroom with the full range of students. However, the use of the lab classroom does represent the use of new technologies and tools to examine collaborative learning across groups within the same classroom, allowing us to understand more about the actual nature of collaboration in a setting in which the teacher has to manage multiple groups. The decision to use the same two teachers across studies and schools meant that the level of teacher intervention was not the same as would be expected in a typical classroom environment where the teacher knows the students well, and although the teachers expressed a belief that their students' behavior didn't change, this cannot be ruled out, and further studies in traditional classrooms should be conducted to further explore our results. Finally, as with all analysis of group interaction, it should be noted that the individual data is non-independent, with the interactions of members of each group being dependent on those of the rest of their group. Thus the data does not meet the assumption of independence necessary for conducting parametric statistics, and as such, the analysis should be interpreted with caution.
As research on collaborative learning focuses more on the group process, and the mechanisms through which groups manage their participation, this study identifies key aspects of managing both the intellectual aspect of the problem space, and the organizational leadership that, while necessary to facilitate the development of a joint problem space, is also necessary to manage the interaction process. The organizational leader manages participation, while the intellectual leader manages the content, and while our data indicates this is done by a single Preprint version of: group member in about half of the cases, in half of the groups the roles are often held by different people.
As noted in the introduction, emergent leadership is one way in which the emergent management of group engagement has been studied. A parallel line of research considers how group members regulate their participation (Järvelä & Hadwin, 2013) . Building on ideas of social regulation, Volet et al (2009) argue for a framework that takes into account both the social and content-based processing that are necessary for successful completion of collaborative work. This distinction echoes our findings, although the co-regulation definitions classify participation and engagement at an individual level, rather than examining the interaction behaviors that attempt to support or manage the interactions of other group members. Thus, we see the work in this area as complementary to the work on emergent leadership, describing how group members manage participation, by regulating their own participation, while the role of emergent leaders appears to be to manage the participation of other group members, and the direction of the content processing.
An increasing need to prepare students to engage in complex collaborations as they enter the workplace is frequently identified (e.g., OECD, 2013) and research from management literature shows the importance of leadership in groups, particularly emergent leadership (Gronn, 2002) . Therefore, helping students to develop leadership moves and to identify the types of leadership that are necessary to complete tasks and recruit the participation of their group members, should go some way in helping prepare students for successful collaboration in the workplace. However, the philosophical roots of collaborative learning are often regarded to be at odds with leadership within groups. With the focus on using collaboration to alter the authority structures in schools, allowing students to view themselves as members of a knowledge community and building on theories that identify the importance of equitable status for learning (e.g., Cohen & Roper, 1972) , it can be difficult to align with the idea of leadership within groups. One important contribution of this paper, however, is that the emergent leadership described in this and other papers is not grounded in authority granted by the teacher. Also, although leadership may relate to classroom status, dynamics and prior relationships, the data in this paper indicates it is not stable across content areas, suggesting that it is not solely based on a single form of status. Li et al (2007) also reported changes across time, with more leadership moves being identified in later activities, and more students being identified as leaders as the study progressed. As in both studies, students were peers from the same classrooms these findings indicate that emergent leadership may not be static, but can be learned (or perhaps, taught) over time.
While there is currently little evidence that students can be taught leadership moves that transfer to new collaborative tasks, there is plenty of evidence to indicate that the use of scripts, prior instruction, or embedding of prompts or structure can lead to better collaborative interaction in groups. (e.g., Cortez, Nussbaum, Woywood, & Aravena, 2009; O'Donnell & Dansereau, 1992;  Preprint version of: Rummel, Spada, & Hauser, 2009 ). This prior work would indicate that students could be taught to take on the different leadership behaviors identified in this and earlier papers. Additionally, more recent research using the Collaborative Reasoning activity described by Li et al (2007) , suggests that leadership moves may be transferred to a new collaborative context (Sun et al, under review) , suggesting that there is value to helping students develop these behaviors in one context as they can use them with different peers when working on different problems. Finally, the field of management, where much prior work on leadership exists, places emphasis on leadership training activities, suggesting that leadership can be taught, and there is value in exploring the instruction of leadership, and transfer of leadership moves, in future research work.
A large amount of work in collaborative learning focuses on and recommends the assignment of roles to student groups (O'Donnell, 2006) , One particular reason for assigning roles is the recognition that equitable participation does not have to mean all students engage in the same behaviors throughout the task, and that valuing the differences across members of a group can support increased equity (Cohen, 1994) . It should be noted, however, that while leaders are frequently one type of assigned roles, earlier research and the research in this paper shows that leadership moves may be distributed among group members, and there is the potential for different forms of leadership to emerge. Thus, the assignment of the role 'leader' may not provide sufficient instruction for students on what type of leadership moves they should be making and should perhaps be broken down into more specific roles both in assigning roles and also in helping students understand the complexity of collaborative engagement. However, as is seen in the vignette at the beginning of this paper, attention should be paid to the level of engagement with the content for those involved in organizational leadership, as such behavior might fulfill the goal of being involved in the activity, without providing a good learning opportunity for the student. In addition, our findings indicate that high levels of organizational leadership might not be associated with positive group outcomes, and so teachers need to be alert to the types of content-related conversation that occur in groups who appear to have high levels of organizational leadership, intervening to ensure that both the organizational and intellectual aspects of the task are attended to by all members of the group. Preparing students to engage in collaborative activities should help them consider the dual space nature of collaboration -the relational and problem of task spaces -so that they are aware that leadership must take place in both realms, but that task success, and potentially their learning, will depend on intellectual leadership and engagement.
